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,QWURGXFWLRQ
1RZDGD\VWKHFULVLVRIULVLQJSULFHV LQFUXGHRLOSDUWLFXODUO\LQGXVWULDODQGWUDQVSRUWDWLRQVHFWRUVGXHWRUDSLGO\
LQFUHDVLQJ IXHOGHPDQGVDQGGHFUHDVLQJRLO VXSSOLHV OHDGV WR WKH LQVXIILFLHQF\RI IXQGDPHQWDO IHHGVWRFN FRDORLO
DQG JDV ,Q DGGLWLRQ FRQVXPSWLRQ RI SHWUROHXP DOVR HPLWV H[FHVVLYH &2 LQWR WKH DWPRVSKHUH UHVXOWLQJ LQ
HQYLURQPHQWFRQFHUQVVXFKDVJOREDOFOLPDWHFKDQJHEHFDXVHRIZDUPHUWHPSHUDWXUHVDQGDLUSROOXWLRQ6WXG\RQWKH
FRQYHUVLRQSURFHVVRQOLJQRFHOOXORVLFSODQWELRPDVVQRWRQO\JLYHVLQVLJKWVRQWKHUROHVRIELRORJLFDOSURFHVVHV LQ
PDLQWDLQLQJWKHFDUERQEDODQFHRIWKHHFRV\VWHPEXWDOVRRIJUHDWLQWHUHVWIRUKLJKYDOXHDSSOLFDWLRQV/DWHO\RQHRI
WKHPRVW DWWUDFWLYH DSSURDFKHV LV WR XWLOL]H DEXQGDQW OLJQRFHOOXORVLFPDWHULDOV LQVWHDG RI FRQYHQWLRQDO IXHOV VLQFH
OLJQRFHOOXORVH LV UHQHZDEOH FOHDQ LQH[SHQVLYH DQG QR KDUPIXO WR HQYLURQPHQW ,Q JHQHUDO WKHUPRFKHPLFDO DQG
ELRWHFKQRORJLFDO SODWIRUPV DUH DSSOLHG IRU SURGXFLQJ OLJQRFHOOXORVLF IHHGVWRFN ELRUHILQHU\ ,Q WKLV FRQWH[W
SURGXFWLRQRIIXHOVFKHPLFDOVDQGPDWHULDOVEDVHGRQELRPDVVIHHGVWRFNLVFXUUHQWO\DQLQWHUHVWLQJDSSURDFK
/LJQLQLVRQHWKLUGRIOLJQRFHOOXORVLFELRPDVVFRPSRQHQWV,WLVDQDURPDWLFSRO\PHUW\SLFDOO\SURYLGLQJULJLGLW\
DQGVWUHQJWKWRWKHSODQWFHOOZDOOVLQELRPDVV/LJQLQJHQHUDOO\FRQVLVWVRIWKUHHPRQROLJQROVSFRXPDU\ODOFRKRO
+FRQLIHU\ODOFRKRO*DQGVLQDS\ODOFRKRO67KHVHFRQWHQWVYDU\LQGLIIHUHQWW\SHVRIELRPDVV>@/LJQLQKDV
WUDGLWLRQDOO\EHHQXVHGDVORZKHDWLQJIXHOLQSXOSDQGSDSHULQGXVWU\QRQHWKHOHVVLWFDQEHHIILFLHQWO\FRQYHUWHGWR
SKHQROLFFRPSRXQGVZKLFKKDYHVLJQLILFDQWSRWHQWLDODVDVRXUFHIRUWKHSURGXFWLRQRILQGXVWULDOQHHGHGFKHPLFDOV
VXFK DV SKHQRO JXDLDFRO V\ULQJRO DQG YDQLOOLQ >@ %DVHG RQ FXUUHQW WHFKQRORJLHV OLJQLQGHULYHG KLJK YDOXDEOH
FKHPLFDOV DUH OLPLWHG EHFDXVH RI LWV FRPSOH[ VWUXFWXUH 7KHUHE\ D SHUVSHFWLYH RI LPSURYLQJ OLJQLQ YDORUL]DWLRQ
SURFHVVKDVEHHQUHTXLUHG
7KHUHIRUHWKHZRUNLQWKLVVWXG\DLPVWRREWDLQKLJKYDOXHDURPDWLFEDVHGFKHPLFDOVIURPRUJDQRVROYOLJQLQYLD
GHSRO\PHUL]DWLRQSURFHVVRYHUKRPRJHQHRXVDQGKHWHURJHQHRXVDFLGFDWDO\VWV,QDGGLWLRQWKHHIIHFWRIWHPSHUDWXUH
RQ WKH SURGXFW GLVWULEXWLRQV ZHUH DOVR H[DPLQHG WR PD[LPL]H DURPDWLF SURGXFW \LHOGV LQ FDWDO\WLF OLJQLQ
GHSRO\PHUL]DWLRQ
([SHULPHQWDO
2.1. Materials 
2UJDQRVROYOLJQLQ2/VDPSOHXVHGLQWKLVVWXG\ZDVSXUFKDVHGIURP&KHPLFDO3RLQW8**HUPDQ\DQGXVHG
ZLWKRXW DQ\ SUHWUHDWPHQW 7KH FRPPHUFLDO ]HROLWH XVHG LQ WKLV ZRUN LV +< ]HROLWH 6L2$O2    ZKLFK LV
VXSSOLHGE\7262+-DSDQ7KLVFDWDO\VWZDVHPSOR\HGDVUHFHLYHGZLWKRXWIXUWKHUWUHDWPHQWVXFKDVFDOFLQDWLRQ
RU UHGXFWLRQ $OO FKHPLFDOV DQG UHDJHQWV IRU H[SHULPHQWDO ZHUH DQDO\WLFDO JUDGH ZKLFK REWDLQHG IURP PDMRU
FKHPLFDOFRPSDQLHVHJ6LJPD$OGULFK0HUFN5&,/DEVFDQHWF
2.2. Depolymerization of organosolv lignin 
7\SLFDOO\  ZY OLJQLQ FRQFHQWUDWLRQ ZDV GLVVROYHG LQ PHWKDQRO ZLWK DQG ZLWKRXW WKH SUHVHQFH RI D
FDWDO\VWLQEDWFKUHDFWRUDWIL[HGWHPSHUDWXUHRI&7KHKRPRJHQHRXVLHVXOIXULFDFLGDQGKHWHURJHQHRXVLH
+<]HROLWHDFLGFDWDO\VWVZHUHORDGHGDWZWLQWRWKHUHDFWRU$IWHUZDUGWKHUHDFWRUZDVVHDOHGHYDFXDWHGDQG
SXUJHGZLWK1WKHQKHDWHGWRWKHGHVLUHGWHPSHUDWXUHIRUKZKLOHYHUWLFDOVKDNLQJDWUSP$IWHUWKHUHDFWLRQ
KDG FRPSOHWHG WKH UHDFWRU ZDV TXHQFKHG LQ D ZDWHU EDWK WR VWRS WKH UHDFWLRQ LPPHGLDWHO\ 'LIIHUHQW UHDFWLRQ
WHPSHUDWXUHV  &ZHUH H[DPLQHG WR VWXG\ LWV HIIHFW RQ WKH GHSRO\PHUL]DWLRQ RI RUJDQRVROY OLJQLQ 7KH
PL[WXUHSURGXFWVDIWHUWKHGHSRO\PHUL]DWLRQUHDFWLRQZDVVHSDUDWHGLQWRSDUWVLQFOXGLQJVROLGDQGOLTXLGSKDVHVE\
FHQWULIXJDWLRQDWUSPIRUPLQ7KHOLTXLGSKDVHZDVDFLGLILHGWRDS+RIZLWK0VXOIXULFDFLG,QWKLV
VWHSUHVLGXDO OLJQLQ5/IUDFWLRQZDVSUHFLSLWDWHGRXWDVVROLGV$IWHU WKDW OLJQLQUHVLGXDOZDVGULHGRYHUQLJKWDW
&DQGZHLJKHG7KHUHPDLQLQJOLTXLGSURGXFWZDVUHPRYHGZDWHUDQGVROYHQWE\DURWDYDS7KHOLJQLQGHULYHG
SURGXFWVZHUHUHFRYHUHGIURPWKHV\VWHPDVOLTXLGIUDFWLRQE\GLVVROYLQJLQPHWKDQRODQGILOWHUHGWKURXJKDȝP
V\ULQJHILOWHU7KHSKHQROLFVROXWLRQZDV IXUWKHUDQDO\]HGZLWKDJDVFKURPDWRJUDSKPDVVVSHFWURVFRS\*&06
DQGJDVFKURPDWRJUDSKIODPHLRQL]DWLRQGHWHFWRU*&),'UHVSHFWLYHO\)RUWKHVROLGSKDVHERWKFKDUDQGFDWDO\VW
ZHUHILOWHUHGGULHGRYHUQLJKWDW&7KH\LHOGRIJDVSURGXFWVZDVQHJOLJLEOHLQWKLVZRUN7KHUHIRUHWKH\LHOGV
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RI OLTXLG IUDFWLRQ UHVLGXDO OLJQLQ 5/ IUDFWLRQ VROLG UHVLGXH FKDU DQG OLJQLQ FRQYHUVLRQ ZHUH FDOFXODWHG LQ
FRPSDULVRQWRLQLWLDORUJDQRVROYOLJQLQZHLJKWDVGHILQHGLQWKHIROORZLQJHTXDWLRQV
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Characterizations of lignin-derived products 
z *&06
0RQRPHULFSKHQROLFSURGXFWVZHUHLGHQWLILHGE\*&06RQDQ$JLOHQW&36LO&%FROXPQP[PP[
ȝPLQ+HZLWKDWHPSHUDWXUHSURJUDPVWDUWLQJIRUPLQDW&WR&IRUPLQ7KHQKHDWHGXSWR
&DQGNHSWDWWKLVWHPSHUDWXUHIRUPLQXWH7KHILQDOWHPSHUDWXUHZDVKHOGDW&IRUPLQDW
WKHVDPHKHDWLQJUDWH,GHQWLILFDWLRQRIFRPSRXQGVZDVSHUIRUPHGE\FRPSDULVRQRI06GDWDWRWKH1,67OLEUDU\
z *&),'
7KHTXDQWLWDWLYHDQDO\VLVZDVFDUULHGRXWE\D*&),'6KLPDG]X*&-DSDQHTXLSSHGZLWKD3HWURFRO70
'+IXVHGVLOLFDFDSLOODU\FROXPQP[PP[ȝP6XSHOFR86$ZLWKIODPHLRQL]DWLRQGHWHFWRU),'
1ZDVXVHGDVDFDUULHUJDV+ZDVXVHGIRUIODPHDQGDLUDVR[LGL]HUFROXPQWHPSHUDWXUHXVHGZDV&DQG
GHWHFWRU WHPSHUDWXUHXVHGZDV &7KHSURGXFWVZHUHTXDQWLILHGXVLQJ WKHFDOLEUDWLRQFXUYHVRIDQXPEHURI
OLJQLQ GHSRO\PHUL]DWLRQ SURGXFWV LH SKHQRO V\ULQJRO JXDLDFRO SFUHVRO HWK\OSKHQRO HWK\OJDXDLFRO DQG
YDQLOOLQ
5HVXOWVDQG'LVFXVVLRQ
3.1. Effect of homogeneous and heterogeneous acid catalysts on lignin depolymerization 
7KH OLJQLQGHSRO\PHUL]DWLRQZDVSHUIRUPHG LQDPOEDWFK UHDFWRU DW IL[HG WHPSHUDWXUHRI & ,QLWLDOO\
FRPPHUFLDO 2/ ZHUH GHSRO\PHUL]HG ZLWKRXW WKH SUHVHQFH RI D FDWDO\VW WR H[SORUH GHSRO\PHUL]HG OLJQLQ '/
SURGXFWVSDUWLFXODUO\PRQRPHULFSKHQROV LQ OLTXLG IUDFWLRQ:LWKRXWDFDWDO\VW WKH'/SURGXFWVZHUHGHWHFWHGE\
*&06RQO\PRQRPHULF SKHQROV LQFOXGLQJ JXDLDFRO HWK\OSKHQRO HWK\OJXDLDFRO YDQLOOLQ DQG V\ULQJRO$IWHU
WKDWFDWDO\WLFDFWLYLWLHVRIKRPRJHQHRXVLHVXOIXULFDFLGDQGKHWHURJHQHRXVLH+<]HROLWHDW6L2$O2 
DFLGFDWDO\VWVLQYDORUL]DWLRQRIFRPPHUFLDO2/ZDVHYDOXDWHGIRUHIILFLHQWFRQYHUVLRQWRDURPDWLFEDVHGFKHPLFDOV
DQGFRPSDUHGWRZLWKRXWFDWDO\VWDVLOOXVWUDWHGLQ)LJD,WZDVREYLRXVO\VHHQWKDWWKHGLVWULEXWLRQRISKHQROLF
SURGXFWVLVYDULHGIURPW\SHRIFDWDO\VW7KHGHSRO\PHUL]DWLRQRI2/XQGHUK\GURWKHUPDOV\VWHPZLWKWKHSUHVHQFH
RI+<]HROLWH6L2$O2 DQGVXOIXULFDFLGOHGWRSURPRWHHWK\OSKHQROZKHUHDVQRFDWDO\VWGLVDSSHDUHG
7KHKLJKHVWOLJQLQFRQYHUVLRQREWDLQHGIURP+<]HROLWH6L2$O2 ZDVZLWKWKHPD[LPXP\LHOGRI
YDQLOOLQZKHUHDVVXOIXULFDFLGJDYH WKHKLJKHVWSURSRUWLRQRIV\ULQJRO XVHRIKRPRJHQHRXVDFLG
FDWDO\VWJLYHV WKHIRUPDWLRQRIGLYHUVLILHGSURGXFWVEXW LWEULQJVVRPHLPSRUWDQWGUDZEDFNVVXFKDVFRUURVLRQDQG
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GLIILFXOW\ LQ FDWDO\VW UHFRYHU\ >@$FFRUGLQJO\ XWLOL]DWLRQ RI VROLG DFLG FDWDO\VW RIIHUV DQ RSSRUWXQLW\ WR FRQYHUW
OLJQLQLQWRVPDOOHUPROHFXOHVZLWKWKHKLJK\LHOGRISKHQROLFFRPSRXQGV
7KHREWDLQHGUHVXOWVIURPWKH)LJEVKRZHGWKDWWKHSUHVHQFHRI+<]HROLWH6L2$O2 GHFUHDVHGWKH
5/ IUDFWLRQ DQG VROLG UHVLGXH E\  DQG  UHVSHFWLYHO\ 7KH UHVXOWV DOVR SUHVHQWHG WKDW WKH KLJKHU
SURSRUWLRQRI5/IUDFWLRQZDVFORVHO\UHODWHGWRWKHORZHUSURSRUWLRQRIVROLGUHVLGXHDQGYLFHYHUVD7KLVPLJKWEH
EHFDXVHWKHDFLGLW\RIWKHDFLGFDWDO\VWSUHYHQWVFKDUIRUPDWLRQDQGSURPRWHFOHDYDJHRIWKHPDLQOLQNDJHVRIOLJQLQ


)LJD(IIHFWRIKRPRJHQHRXVDQGKHWHURJHQHRXVDFLGFDWDO\VWVRQPRQRPHULFSURGXFW\LHOGVDQGOLJQLQFRQYHUVLRQ
E/LJQLQGLVWULEXWLRQVDIWHUGHSRO\PHULVDWLRQUHDFWLRQDWq&IRUK
3.2. Effect of temperature 
7KH HIIHFW RI UHDFWLRQ WHPSHUDWXUH  & RQ WKH SKHQROLF SURGXFW \LHOGV DQG OLJQLQ FRQYHUVLRQ IURP
FRPPHUFLDO2/ LQ WKHSUHVHQFHRI+<]HROLWH 6L2$O2  LQPHWKDQROVROYHQWZDV LQYHVWLJDWHGDWD IL[HG
UHDFWLRQWLPHRIK7KHFRPSRVLWLRQRIPRQRPHULFSURGXFWVLQOLTXLGIUDFWLRQDVGHPRQVWUDWHGLQ)LJDZDV
GLVWLQFWO\DIIHFWHGE\WHPSHUDWXUH7KHKLJKHVW\LHOGDQGOLJQLQFRQYHUVLRQZHUHDQGUHVSHFWLYHO\DW
 & ZLWK WKH KLJKHVW SURSRUWLRQ RI HWK\OJXDLDFRO  ZKHUHDV WKH PD[LPXP SURSRUWLRQV RI SKHQRO
 JXDLDFRO  HWK\OSKHQRO  DQG V\ULQJRO  H[FHSW YDQLOOLQ DOVR DFKLHYHG DW WKLV
WHPSHUDWXUH$FFRUGLQJWRWKHKLJKHUWHPSHUDWXUH&WKHWRWDOSKHQROLFFRPSRXQGVGHFUHDVHGZKLFKFRXOGEH
GXHWRWKHIXUWKHUFUDFNLQJWRRWKHUFRPSRXQGV>@
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$VVKRZQLQ)LJELWZDVIRXQGWKDWWKHUHDFWLRQWHPSHUDWXUHSUHVHQWHGVLJQLILFDQWLPSDFWRQWKHIRUPDWLRQRI
5/ IUDFWLRQ DQG FKDU FRQWHQW KRZHYHU LW DOVR DIIHFWHG WR RYHUDOO OLJQLQRLO LQ OLTXLG IUDFWLRQ 7KRURXJKO\ WKH
PD[LPXP5/IUDFWLRQREWDLQHGDW&DQGVLJQLILFDQWO\GHFOLQHGDW&7KH5/IUDFWLRQGHFUHDVHGWR
SDUWLFXODUO\ DW  &EHFDXVH OLJQLQEUHDNV GRZQ DW WKLV WHPSHUDWXUH RQ WKH RWKHUKDQG IRUPDWLRQRI FKDUZDV
UHODWLYHO\ ODUJH DW WKLV WHPSHUDWXUH XS WR  7KLV FRXOG EH GXH WR UHFRQGHQVDWLRQ UHDFWLRQV GRPLQDWHV WKH
IRUPDWLRQRI VWDEOHPRQRPHULF SKHQROV UHVXOWLQJ LQKLJK IRUPDWLRQRI FKDU >@ ,Q FDVH RI OLJQLQRLO SURGXFW WKH
DPRXQWRI WKHPFRXOG LQFUHDVHZLWK WKH VDPH WUHQGRI LQFUHDVLQJ WHPSHUDWXUH IURP& WR &XQOHVV WKH
UHDFWLRQ WHPSHUDWXUH DW & VHHPHG VOLJKWO\ GHFUHDVHGZKLFKPD\ EH EHFDXVH RI KLJKHU IRUPDWLRQRI JDVHRXV
SURGXFWVREWDLQHGDWWKLVWHPSHUDWXUH>@
&RQFOXVLRQV
,QWKLVZRUNFRPPHUFLDO2/ZDVGHSRO\PHUL]HGLQPHWKDQRODW&IRUKLQWROLJQLQFRQYHUVLRQ
DQGWRWDOSKHQROLFFRPSRXQGVZLWKWKHKLJKHVWSURSRUWLRQRIYDQLOOLQE\XVLQJZW+<]HROLWH
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DQGFKDUIRUPDWLRQFRXOGEHVXSSUHVVHGGXULQJ
GHSR\PHUL]DWLRQ UHDFWLRQ FRPSDUHG WR ZLWKRXW WKH SUHVHQFH RI D FDWDO\VW $ FOHDU DGYDQWDJH RI KHWHURJHQHRXV
FDWDO\VW RYHU KRPRJHQHRXV FDWDO\VW UHODWHV WR WKHLU VLPSOH VHSDUDWLRQ DQG UHF\FODELOLW\ 7KH RSWLPXP UHDFWLRQ
WHPSHUDWXUHZDV&SURYLGLQJWKHPD[LPXPOLJQLQFRQYHUVLRQDQGWRWDOPRQRPHULFSURGXFWV\LHOGRI
DQGUHVSHFWLYHO\ZLWKDPD[LPXPFKDUFRQWHQWRI7KLVUHVXOWVVKRZHGWKDWWKHXVHRIKHWHURJHQHRXV
DFLGFDWDO\VWFRXOGHIILFLHQWO\FRQYHUWRUJDQRVROYOLJQLQWRYDOXHDGGHGDURPDWLFPRQRPHUVLQDGGLWLRQWKHHIIHFW
RI UHDFWLRQ WHPSHUDWXUHSOD\HGDQH[WUHPH LPSDFWVRQDURPDWLFPRQRPHUV\LHOG WRD UHDVRQDEOH OHYHO LQFDWDO\WLF
GHSRO\PHUL]DWLRQRIRUJDQRVROYOLJQLQ
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